A stable state is characterized by an energy minimum and reversal requires overcoming a barrier AE between adjacent minima by applying an external . magnetic field. At none zero temperature T, thermal fluctuations help to overcome AE and thus magnetization reversal becomes temperature assisted',*. Street and Wooley3 have postulated a characteristic "wait time" r according to l/r = fe . ezp(-AE/kT) to account for the statistical nature of the reversal. Here fe = l/r0 is an attempt frequency which is of the order of 10' -101* l/s'Y475 and depends in a non trivial fashion on variables like anisotropy constant, magnetization and dampingF4. In a simple approach it may be viewed as being connected to the characteristic time needed for energy exchange between lattice and spin, i.e. the spin lattice relaxation time re16. Recent experiments indicate values of 7i-J s 4 . lo-' s for small ferromagnetic particles718 and TO G 1 . lo-' s for particulate magnetic recording media g. For magnetic excitations occurring on time scales much shorter than r,l thermal activation ceases to exist, thus the motion of the magnetization vector should simply follow the Landau-Lifshitz (LL) equationlO. The present paper discusses an experiment allowing a systematic study of magnetization reversal at time scales below r,l. In the described experiment we apply a short but strong magnetic field pulse (in fact the field pulse is shorter than the time scale given by the precessional frequency of the magnetic sample) in the hard plane of perpendicularly magnetized ferromagnetic films and the evolving magnetization patterns are inspected weeks later with a Kerr microscope. In this particular geometry the resulting initial reversal occurs by precession of the magnetization while the field pulse is present. The magnetization subsequently, on a much longer time scale, relaxes into the easy magnetization direction given by the magnetic anisotropy. In this regard, the present experiment is fundamentally different from conventional magnetic writing experiments where a field is applied parallel to the anisotropy field axis and the length of a magnetic field pulse is much longer than 7,~. This novel magnetic switching experiment also differs from FMR measurements where a small (as compared to the intrinsic fields) RF excitation causes coherent precession of the magnetic moments being entirely governed by 2 a constant effective field composed of internal and external field contributions". Furthermore we include three Co2sPtr2 alloy samples with thicknesses of 80, 125, and 160 A, grown at 220°C by co-evaporation onto Pt seeded fused silica substrates, as reported earlier14.
Magnetization reversal is governed by the sum of internal and external field contributions and thermal fluctuation&*.
A stable state is characterized by an energy minimum and reversal requires overcoming a barrier AE between adjacent minima by applying an external . magnetic field. At none zero temperature T, thermal fluctuations help to overcome AE and thus magnetization reversal becomes temperature assisted',*. Street and Wooley3 have postulated a characteristic "wait time" r according to l/r = fe . ezp(-AE/kT) to account for the statistical nature of the reversal. Here fe = l/r0 is an attempt frequency which is of the order of 10' -101* l/s'Y475 and depends in a non trivial fashion on variables like anisotropy constant, magnetization and dampingF4. In a simple approach it may be viewed as being connected to the characteristic time needed for energy exchange between lattice and spin, i.e. the spin lattice relaxation time re16. Recent experiments indicate values of 7i-J s 4 . lo-' s for small ferromagnetic particles718 and TO G 1 . lo-' s for particulate magnetic recording media g. For magnetic excitations occurring on time scales much shorter than r,l thermal activation ceases to exist, thus the motion of the magnetization vector should simply follow the Landau-Lifshitz (LL) equationlO. The present paper discusses an experiment allowing a systematic study of magnetization reversal at time scales below r,l. In the described experiment we apply a short but strong magnetic field pulse (in fact the field pulse is shorter than the time scale given by the precessional frequency of the magnetic sample) in the hard plane of perpendicularly magnetized ferromagnetic films and the evolving magnetization patterns are inspected weeks later with a Kerr microscope. In this particular geometry the resulting initial reversal occurs by precession of the magnetization while the field pulse is present. The magnetization subsequently, on a much longer time scale, relaxes into the easy magnetization direction given by the magnetic anisotropy. In this regard, the present experiment is fundamentally different from conventional magnetic writing experiments where a field is applied parallel to the anisotropy field axis and the length of a magnetic field pulse is much longer than 7,~. This novel magnetic switching experiment also differs from FMR measurements where a small (as compared to the intrinsic fields) RF excitation causes coherent precession of the magnetic moments being entirely governed by a constant effective field composed of internal and external field contributions". multilayers (x = 4.4, 4.7, 6.9, 8 .9 and 9.2 A) grown at g 200 "C onto (111) textured, 200 8, thick Pt buffer layers deposited at 400 "C onto SiN, coated Si(100) susbtrates.
Furthermore we include three Co2sPtr2 alloy samples with thicknesses of 80, 125, and 160 A, grown at 220°C by co-evaporation onto Pt seeded fused silica substrates, as reported earlier14.
All samples were capped with 20 A of Pt at ambient temperature for corrosion protection.
The samples were characterized with Rutherford Back Scattering spectrometry and X-ray diffraction (XRD). XRD revealed strong (111) texturing. The average (0 -20 XRD) grain size was 15 nm. Magnetic properties were established prior to the experiments by using vibrating sample and torque magnetometries as well as magneto-optic Kerr effect measurements. Most relevant in conjunction with the present discussion is the effective magnetic anisotropy field HK~.~ = Hk -47rM, which may be viewed as the field needed to saturate the sample in the hard plane. HKe.f was determined within &lo% accuracy and ranged from 16 to 32 kOe. Coercive fields ranged between 1.3 and 3.5 kOe, ensuring that a written domain pattern can still be measured weeks after field exposure.
The experiments were performed at the focal point of the FFTB section of the Stanford Linear Accelerator as described before l4 The pre-magnetized samples were mounted on a . However, it is known that the electron beam can carry a halo of particles at very low particle density, below the detection limit of the gamma ray detectors of the FFTB wire scanners.
A particle halo can easily account for overheatmg. To investigate this problem we havein a separate experiment -exposed the same sample to a beam with the same number of electrons and the same pulse length, but with a different shape in the x-y plane. This beam was known to have a larger background level of particles. In this test exposure the size of region IV increased to the extent that region III almost completely vanished.
A simple micromagnetic model can be applied to understand the switching behavior in regions II and III. The model is based on the Landau-Lifshitz equation:
The first term describes the precession of the magnetization in the magnetic field, whith y being the gyromagnetic ratio (7 = 0.2212 lo6 (m/As)). The second term'describes the rotation of the magnetization into the direction of the field due to energy dissipation (CY = 0.001 -0.12'). The total magnetic field is the sum of the effective anisotropy field and the beam field. Both exchange and dipolar interactions are neglected. We will see, that even this simplified model can explain the basics of the switching process. The sample is subdivided into a square mesh, each cell having the same perpendicular magnetization before a Gaussian beam pulse as generated by the electron beam is applied. Figure lc caused by imperfect growth ii) at the .time of the magnetic field excitation the lattice is frozen into a phonon distorted state. We can use the Debye Walller factor to approaximat,e the magnitude of the lattice distortions caused by temperature to 5%. ,$+om our XRD measurements we conclude that the sum of static and dynamic distortions is of the order of lo-15%, thus static distortions are of the same magnitude or larger than dynamic distortions. Both effects lead to a distribution of initial states before the magnetic field pulse acts on the sample and this in turn results in a distribution of small up and down domains after the field pulse has passed. On a much longer timescale these domains then relax into domains of at least the size of the exchange length. This relaxation process does not affect the written domain-pattern, but only the size of the domains in the transition region.
In conclusion, we have shown that magnetic switching in perpendicular magnetized samples at ultra short times scales in the picosecond regime can be well understood within the simple Landau Lifshitz model. We have shown that the width of the written transitions is not only determined by the quality of the magnetic material, but is ultimately determined by intrinsic physical properties such as phonons. A phonon driven broadening of the transition region would hint to the ultimate limit of transition density for ultra fast magnetic recording. 
